Older patients with acute myeloid leukemia (AML) have worse rates of complete remission and shorter overall survival than younger patients. The epigenetic modifier CC-486 is an oral formulation of azacitidine with promising clinical activity in patients with AML in Phase I studies. The Phase III, randomized, double-blind, placebo-controlled QUAZAR AML Maintenance trial (CC-486-AML-001) examines CC-486 maintenance therapy (300 mg/day for 14 days of 28-day treatment cycles) for patients aged ≥55 years with AML in first complete remission. The primary end point is overall survival. Secondary end points include relapsefree survival, safety, health-related quality of life and healthcare resource utilization. This trial will investigate whether CC-486 maintenance can prolong remission and improve survival for older patients with AML.
Acute myeloid leukemia (AML) is characterized by malignant clones of myeloid lineage found in the bone marrow and peripheral blood, and disseminated into tissues [1] . Most patients with AML are older adults, with a median age at diagnosis of 67 years in the USA [2] . While improvements in survival have been observed over the past three decades for all but elderly patients, overall survival (OS) still remains dismal [3] [4] [5] . Currently, the standard treatment paradigm for AML consists of induction chemotherapy with the aim of inducing complete remission (CR), followed by variable postremission consolidation strategies [6] [7] [8] [9] . Older patients with AML exhibit a markedly different disease course than their younger counterparts. Older age is associated with adverse cytogenetics, more aggressive and resistant disease, and disease more commonly evolved from an antecedent hematologic disorder [10] . Compared with younger patients, older patients undergoing intensive chemotherapy have lower CR rates, shorter relapse-free survival (RFS) and OS, and higher rates of treatment-related mortality [10, 11] . There is a desperate need for new treatment options to improve outcomes in older patients with AML [11, 12] .
Maintenance therapy is not currently part of standard treatment for patients with most forms of AML [6, [13] [14] . However, it has become part of the standard treatment in acute lymphoblastic leukemia (ALL) [13, [15] [16] [17] . Maintenance chemotherapy based on a backbone of daily mercaptopurine and weekly methotrexate is an established part of treatment for most subtypes of ALL. In addition, targeted agents have successfully been incorporated into maintenance regimens for specific ALL subtypes, including tyrosine kinase inhibitors such as imatinib for Philadelphia chromosome-positive ALL and anti-CD20 monoclonal antibodies such as rituximab for CD20-expressing B-cell ALL [13, [15] [16] [17] .
For patients with AML, maintenance chemotherapy has failed to demonstrate improved survival outcomes [18] [19] [20] [21] [22] [23] . However, in acute promyelocytic leukemia (APL), similar strategies have been used to reduce toxicity and relapse rates, suggesting that some leukemia lineages would also be amenable to maintenance therapy. The introduction of novel treatment options with antileukemic activity, including demethylating agents, immunotherapies and targeted agents, makes it possible to re-explore maintenance therapy in AML [13, 14] . Single-agent maintenance chemotherapy with IFN or IL-2 has been examined, but so far neither has led to slowing of disease progression or improved OS [24] [25] [26] . Combination therapy with IL-2 and the immune modulator histamine dihydrochloride has demonstrated significantly longer leukemia-free survival compared with observation or IL-2 monotherapy in patients with AML [27, 28] . This has led to the approval of this combination as maintenance therapy for patients with AML in first remission in some European countries; however, efficacy has not been demonstrated in older patients aged >60 years [29] , and this treatment does necessitate repeated injections. The use of demethylating agents in maintenance therapy is currently under active investigation and is explored in the trial described here.
In studies of older patients with AML, treatment with subcutaneous azacitidine (75 mg/m 2 /day for 7 days of 28-day cycles) resulted in clinically meaningful improvements in OS compared with conventional care regimens [30, 31] . In patients with relapse post-stem cell transplant, low-dose azacitidine (16-40 mg/m 2 for 5 days of 28-day cycles) has been shown to induce durable remissions [32] . Also, additional cycles of low-dose azacitidine maintenance therapy (8-40 mg/m 2 given for 5 days of 30-day cycles) post-stem cell transplant prior to relapse has been associated with prolonged OS [33] .
Recently, the feasibility of maintenance therapy with hypomethylating agents following achievement of CR with induction chemotherapy has been investigated [34, 35] . Patients with myelodysplastic syndromes (MDS), chronic myelomonocytic leukemia (CMML) or AML secondary to MDS received maintenance therapy with subcutaneous azacitidine (60-75 mg/m 2 for 5 days of 28-day cycles) within 28 days of achieving CR [34] . The median duration of CR was 13.5 months in patients who received maintenance therapy. Median OS was 20 months in patients who received maintenance therapy versus 8.2 months for the entire population. Azacitidine maintenance therapy was well tolerated at a dose of 60 mg/m 2 , although higher starting doses were associated with higher rates of grade 3/4 neutropenia. In another study, patients with AML were randomized to receive maintenance therapy with decitabine or conventional care regimens including low-dose cytarabine, prolonged intensive chemotherapy or observation [35] . Although the study was terminated early due to a higher incidence of relapse at 1 year with decitabine treatment, with longer follow-up (44.9 months) fewer patients in the decitabine arm relapsed versus the conventional care arm (50 vs 60%), although this difference was not significant. Decitabine maintenance therapy was well tolerated, with neutropenia and thrombocytopenia as the most common adverse events (AEs).
The epigenetic modifier CC-486 (Celgene Corporation, NJ, USA) is a bioavailable oral formulation of azacitidine [36] . Compared with the injectable formulation, oral administration eliminates injection-site reactions and may maximize convenience. The biological and clinical activity of CC-486 in patients with MDS, future science group www.futuremedicine.com CMML or AML was demonstrated in a recent Phase I trial [37] [38] [39] . In part 1 of this trial, patients received one cycle of subcutaneous azacitidine at 75 mg/m 2 daily for the first 7 of 28 days, followed by CC-486 at 120-600 mg daily for 7 days of repeating 28-day treatment cycles [37] . Part 2 of this trial investigated extended dosing regimens of CC-486 of 300 mg daily or 200 mg twice a day for 14 or 21 days of 28-day cycles [38] . In part 1, three of eight patients with AML (38%) achieved an overall response that included one hematologic improvement, one red blood cell transfusion independence (RBC-TI), two morphologic CRs and one morphologic partial response [38] . In part 2, seven of 15 patients with AML (47%) achieved an overall response that included four hematologic improvements, four RBC-TIs, one platelet transfusion independence and three morphologic partial responses [38] . No patients achieved complete or partial response. These data demonstrated preliminary clinical activity of CC-486 in patients with AML, even though this population included patients with complex cytogenetics and those in whom prior therapy had failed. Extended dosing schedules of CC-486 also prolonged methylation reversal through treatment cycle end [40] . Combined results for part 1 and part 2 of the Phase I trial showed that CC-486 was reasonably tolerated in patients with AML and that AEs of any severity were most commonly gastrointestinal in nature [38] . The most common grade 3/4 AEs in patients with AML with CC-486 treatment were febrile neutropenia (35%), pneumonia (17%), syncope (17%) and nausea (13%) [38] . While CC-486 and injectable azacitidine has shown promising activity in patients with AML in these early-phase studies and the maintenance studies described above, the present trial was designed to confirm these observations in a larger population and to determine the degree to which CC-486 as maintenance therapy can prolong remissions and improve survival in older patients.
The QUAZAR AML Maintenance trial
The Phase III, randomized, double-blind, placebocontrolled QUAZAR AML Maintenance trial (CC-486-AML-001) was initiated to assess the safety and efficacy of maintenance therapy with CC-486 for older patients (aged ≥55 years) with AML who are in first CR or CR with incomplete blood count recovery (CRi) following induction therapy with or without consolidation chemotherapy. The study is registered on ClinicalTrials. gov (NCT01757535) and is sponsored by Celgene Corporation. Positive results from this trial are expected to facilitate global regulatory approvals and expand treatment options for older patients with AML.
The primary objective of this study is to demonstrate whether maintenance therapy with CC-486 improves OS compared with placebo in patients with AML, aged ≥55 years, who are in first CR/CRi after induction with intensive chemotherapy with or without consolidation chemotherapy. Secondary objectives include RFS, safety and tolerability, health-related quality of life (HRQOL) and healthcare resource utilization.
• Patients will be randomized 1:1 to receive CC-486 300 mg or placebo once daily for the first 14 days of each 28-day treatment cycle (Figure 1 ). Patients will be stratified on the basis of age (55-64 years or ≥65 years), prior history of MDS, cytogenetic risk category and receipt of consolidation therapy following induction, and must be enrolled within 90 days of first CR/CRi. Patients will be evaluated for CR/CRi status at cycle 3. Those who maintain a CR/CRi continue on study treatment and will be assessed for disease status at the end of every third cycle. Patients who experience disease relapse with >5-15% blasts in the bone marrow or peripheral blood may escalate the dose schedule at the investigators' discretion to CC-486 300 mg once daily for 21 days of each 28-day cycle, a total dose increment of 50%. Patients with disease progression with ≥16% blasts in the bone marrow or peripheral blood will discontinue study treatment. Patients may also discontinue study treatment because of AEs or if they become eligible for an allogeneic stem cell transplant.
This study is being conducted in accordance with Good Clinical Practice E6 Guidelines set forth by the International Conference on Harmonization and as outlined in the Declaration of Helsinki. The CC-486-AML-001 study protocol must receive approval from the institutional review board/ethics committee for each institution prior to commencement.
• • Planned study period
The study was initiated in April 2013, and the estimated completion date is August 2018.
•
• Study procedures Efficacy assessments
The primary efficacy end point of OS is defined as the time from randomization to death from any cause. All patients who discontinue, regardless of reason for discontinuation, will be followed for survival until death, loss to follow-up, withdrawal of consent from further follow-up or study closure. Patients will be assessed for CR/CRi status maintenance or disease relapse every third cycle of treatment. Similar to the International Working Group 2003 criteria [42] , CR is defined as <5% bone marrow blasts, absence of blasts with Auer rods, absence of extramedullary disease, blood transfusion independence unless attributed to recent chemotherapy, neutrophil counts >1.0 × 10 9 /l and platelet counts ≥100 × 10 9 /l. CRi is defined as <5% bone marrow blasts, absence of blasts with Auer rods, absence of extramedullary disease, blood transfusion independence, neutrophil counts <1.0 × 10 9 /l or platelet counts <100 × 10 9 /l. A bone marrow aspirate and biopsy will be required at baseline. Bone marrow aspirate samples (or biopsy if adequate aspirate is not attainable) will be collected on day 1 of every third cycle and additionally as clinically indicated. Cytogenetic testing will be performed whenever a bone marrow aspirate of biopsy is obtained for efficacy assessment.
Safety assessments
Safety analyses will be performed in all randomized patients who received at least 1 dose of any study treatment (CC-486 or placebo). AEs, serious AEs and second primary malignancies will be evaluated. It is of interest to evaluate whether CC-486 may lead to reduction in the occurrence of second primary malignancies. The severity or intensity of AEs will be graded according to the Common Terminology Criteria for Adverse Events, version 4.0.
Health-related quality of life assessments HRQOL with CC-486 versus placebo will be evaluated using the symptom-specific Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) scale and the EQ-5D, as well as with exploratory HRQOL questions. The FACIT-F is a subscale of the general questionnaire, the FACIT-G, that assesses fatigue associated with anemia through a 13-item questionnaire [43] [44] [45] , and the EQ-5D is a generalized measure of health status that is not disease-specific [46] .
Healthcare resource utilization
Medical resource utilization and cost-effectiveness/cost utility analyses will be conducted to determine the effect of CC-486 compared with placebo on healthcare resource utilization. Information collected on each hospitalization includes the reason for hospitalization (e.g., disease relapse, AML-related illness, treatmentrelated AE) and days of hospitalization by treatment setting (e.g., inpatient, special care unit). Information will also be collected on all medications and resources used related to treatment for subsequent AML.
Correlative assessments
Exploratory correlative analyses will be performed to assess the relationship between CC-486 concentration data and pharmacodynamics and biomarkers. Exploratory assessments of the bone marrow and peripheral blood include evaluation of cytogenetic abnormalities, gene variants (gene sequencing, single nucleotide polymorphism array), immunophenotyping by flow cytometry, measurements of DNA methylation, mRNA expression, miRNA expression and other cellular protein measurements relevant to disease biology or drug mechanism. Minimal residual disease (MRD) will be evaluated at baseline and during maintenance treatment.
• Statistical analyses Analyses methods
The primary efficacy analyses will compare OS distributions with CC-486 versus placebo and will be conducted in the intent-to-treat population. The null hypothesis is that the OS distributions for the two treatment groups are equivalent. OS curves and median OS will be estimated using Kaplan-Meier methods. A stratified log-rank test, stratifying by age at time of induction therapy, prior history of MDS, whether consolidation therapy was administered and cytogenetic risk category at time of induction therapy, at a two-sided alpha level of 0.05, will be used to compare the OS distributions. The p-value from the stratified log-rank test will be the confirmatory p-value. A stratified Cox proportional hazards model will be used to estimate the corresponding hazard ratio and 95% CI for CC-486 relative to placebo.
The key secondary efficacy analysis of RFS is defined as the interval from the date of randomization to the date of documented relapse after CR, CRi or death from any cause, whichever occurs first. The analysis of RFS will be performed using the intent-to-treat population and will be analyzed using the same methods as those used for the primary efficacy analysis of OS.
Sample size
An estimated 460 patients will be enrolled in this study. Power and sample size were determined based on an assumption of a median OS of 16 months in the placebo-treated group [47, 48] , a median OS of 22.9 months in the CC-486-treated group (43% improvement) and a study duration of 60 months with a dropout rate of 5% from both treatment groups over the duration of the study. This design requires 330 deaths and approximately 460 randomized patients (230 per treatment arm) to achieve at least 90% power to CliniCal TRial PROTOCOl Roboz, Montesinos, Selleslag et al.
future science group detect a constant hazard ratio of 0.70 and demonstrate a statistically significant difference in OS. Sample size calculations are based on a onesided alpha of 0.025 with one interim analysis for futility after 30% of the events have occurred.
Conclusion
AML occurs most frequently in the elderly. These patients have poor prognoses, including those eligible to receive intensive chemotherapy [10] [11] [49] [50] , which is the population being examined in this study. Long-term maintenance therapy with CC-486 is anticipated to improve survival outcomes for older patients with AML in first CR/CRi following induction chemotherapy and to prolong duration of remissions. This study is powered to detect a significant improvement in OS with CC-486 maintenance therapy versus placebo as the primary end point. Placebo is used as the comparator because there is no globally recognized maintenance standard-of-care t herapy for patients with AML.
To avoid enriching the study population with patients with better prognoses, participants must be randomized within 90 days of achieving first CR/CRi. Longer durations of remissions have been associated with better outcomes in patients with AML (Figure 2 ) [51] . Additionally, patients with AML who are in remission after treatment may relapse rapidly, and older patients often exhibit shorter remission durations than their younger counterparts [10] [11] 49] . Therefore, timely initiation of maintenance therapy may provide the greatest benefit for extending remissions in this patient population.
Patients will be assessed every third cycle for CR/CRi status to determine maintenance of remission. Because AML occurring in the elderly frequently has clinical and laboratory features which suggest that it may have transformed from underlying undiagnosed MDS, in this study when AML relapses, the progression may be slow, akin to the progression seen in MDS transforming through refractory anemia with excess blasts-1/2 toward AML. For patients who meet criteria for relapse but progress slowly, with >5-15% blasts in peripheral blood or bone marrow, treatment with CC-486 may still provide clinical benefit. Therefore, this study allows these patients to escalate dosing by 50% from a 14 to 21 out of 28-day dosing schedule at the investigators' discretion. Patients who progress rapidly with ≥16% blasts in bone marrow or peripheral blood, will be discontinued from treatment.
HRQOL is impaired in patients with AML at diagnosis [52] , and HRQOL of older patients Figure 2 . A 90-day randomization window. Only a small proportion of patients with AML are cured (10-15%, dark gray) and relapse (indicated by the dashed line) begins within weeks of achieving complete remission (CR). To avoid enriching for patients with better prognoses who remain in remission longer (shaded portion of the figure), study participants must be enrolled within 90 days of achieving first CR/CR with incomplete blood count recovery. A later enrollment cutoff, for example, beyond 140 days, would include a greater proportion of patients who are likely to be cured long term. This would falsely elevate the number of patients who appear to benefit from the study. The 90-day randomization window provides a more realistic picture of the entire AML population. AML: Acute myeloid leukemia. is negatively affected by intensive chemotherapy [53, 54] . Following treatment, HRQOL gradually improves over time and is especially associated with achievement of CR [53] as well as discharge from the hospital [54] . Prolonging CR with maintenance therapy may have positive effects on HRQOL. Therefore, the impact of long-term maintenance therapy with CC-486 on HRQOL is assessed as a secondary end point in this study. Because CC-486 is an oral formulation of azacitidine, frequent clinic visits for drug administration are not required during the treatment cycle, which may also contribute to improved HRQOL. The management of patients with AML is associated with substantial resource utilization largely due to the high costs of inpatient hospitalizations [55] [56] [57] [58] . In patients with AML with 20-30% blasts, azacitidine treatment demonstrated significantly lower rates of fever requiring intravenous antimicrobials, hospitalization admissions and days in hospital compared with conventional care regimens [30] . The impact of CC-486 treatment on medical resource utilization in the maintenance setting will be examined as a secondary end point.
Exploratory molecular and cellular assessments will also be performed. Gene sequencing will be used to identify recurrent mutations in genes that have prognostic impact in AML [7, [59] [60] . Somatic mutations occur in almost all patients with AML and may refine risk stratification for a large number of them [61] . This study offers the unique opportunity to evaluate the mutational heterogeneity and clonal evolution that occurs over time in patients with AML. The placebo arm allows for analysis of the natural history of the disease, whereas the CC-486 arm allows for investigation of the impact of treatment on the molecular course of the disease. These findings may improve understanding of the relevance of using genetic aberrations in predicting disease relapse, maintenance of stable disease and remission status, and to discern the instances in which CC-486 treatment is most efficacious.
Following CR, small numbers of residual leukemia cells (≥0.5% leukemic blasts) can often be detected by multidimensional flow cytometry employing a standardized panel of monoclonal antibodies [62] . Their presence often portends clinical relapse of the AML. In this study, remission durations of MRD-positive and MRDnegative patients can be compared within both the placebo and CC-486 treatment arms to help understand the effects of the presence of MRD on clinical relapse and long-term outcome. Comparison between arms can reveal effects of treatment on patients with MRD positivity, and this study uniquely should be able to compare outcomes when detecting MRD by molecular methods versus flow cytometry, as the sensitivity of these methods is likely to vary. Furthermore, the presence of certain molecular mutations may not necessarily dictate that disease progression is likely. It will be important to determine the clinical implications resultant from these specific abnormalities.
To the best of our knowledge, the QUAZAR AML Maintenance trial represents the first double-blind, placebo-controlled, Phase III study of maintenance therapy in patients with newly diagnosed AML (non-APL). Unlike many other ongoing Phase III trials in this treatment setting [63] , this trial is focused on maintenance only and does not follow any one specific induction and/or consolidation regimen as part of the trial. Patients who received any intensive chemotherapy with or without consolidation therapy, excluding hypomethylating agents, are eligible for inclusion. As such, the results of this study will be broadly applicable for this population of patients with limited treatment options.
CC-486 is also being investigated in a Phase III trial in lower-risk MDS. The QUAZAR Lower-Risk MDS trial (AZA-MDS-003) is investigating CC-486 for the treatment of patients with International Prognostic Scoring System low/intermediate-1 risk MDS with red blood cell transfusion-dependent anemia and thrombocytopenia.
The QUAZAR AML Maintenance trial is a registration trial and is currently on going and actively recruiting eligible patients. CC-486-AML-001 enrolled and randomized the first patient on 10 May 2013. The target enrollment is 460 patients. Results from this trial may expand therapy options for patients with AML by supporting global regulatory approvals. For additional information, please contact QUAZARTrialsInfo@celgene.com or visit the NCT website [64] . 
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EXECUTiVE SUMMaRY
CC-486
• Extended dosing regimens of the epigenetic modifier CC-486, an oral formulation of azacitidine, has demonstrated clinical and biological activity in patients with acute myeloid leukemia (AML) in Phase I studies.
The QUAZAR AML Maintenance trial
• This Phase III, randomized, placebo-controlled, international QUAZAR AML Maintenance trial (CC-486-AML-001) was created to evaluate the efficacy and safety of maintenance therapy with CC-486 in patients aged ≥55 years with AML who are in first complete remission (CR) or CR with incomplete blood count recovery (CRi) following induction therapy with or without consolidation chemotherapy.
• Approximately 460 patients will be randomized 1:1 to either placebo or CC-486 300 mg daily for the first 14 days of 28-day cycles.
• Patients must be enrolled within 90 days of the first CR/CRi and will be stratified based on age (55-64 years or ≥65 years), cytogenetic risk category, prior history of myelodysplastic syndromes and receipt of consolidation therapy following induction.
Objectives
• The primary objective of this study is to demonstrate whether maintenance therapy with CC-486 improves overall survival compared with placebo in older patients with AML who are in first CR/CRi after induction therapy.
• Secondary objectives include relapse-free survival, safety and tolerability, health-related quality of life, and healthcare resource utilization.
• Exploratory analyses will assess biomarkers of prognostic impact such as cytogenetic abnormalities, gene variants and immunophenotyping, as well as biomarkers of response including measures of DNA methylation, RNA expression and protein measurements related to drug mechanism.
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